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Water improvement projectsAbstract Meet Yazied Canal is one of the main sources of water in Kafr El-Shiekh and Al-
Gharbia governorates. The main objective of this research was to study the problem of water short-
age at the end of Meet Yazied Canal and focus on the effective elements of delivering water to the
end of this canal. Different approaches of storage water were applied during this research in order
to overcome the shortage of water at the end of the main canal and its branches. Different scenarios
were simulated using the ISIS model which is one dimensional model. The results have been ana-
lyzed for each scenario. The results include water levels, velocities, discharges and Froude numbers
at different locations along Meet Yazied Canal. It was shown that water management in Meet
Yazied Canal is must to overcome water shortage and conflict between farmers and to achieve water
equity along the canal. This study showed that good agreements were obtained between the numer-
ical model results and field data. The incoming flow to Meet Yazied Canal is sufficient and enough
for cultivating the existing land with the existing crop pattern, if a good management of water has
been applied.
 2015 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Water scarcity is a growing global problem challenging sus-
tainable development and expansion of cultivated areas tomeet increasing food requirements. Egypt is one of the coun-
tries facing great challenges, due to its limited water resources
represented mainly by its fixed share of the Nile water and its
aridity which is the general characteristic of the country. Due
to population growth, the per capita share of water has
dropped dramatically to less than 660 m3/capita in year
2013. Comparing this value with the international standards
per capita share is considered below the water scarcity limit.
The value is expected to decrease to be about 580 m3/capita
in the year 2025, MWRI [1]. To face these problems of water
shortage, the government of Egypt has initiated major
1194 H.M. Moghazy et al.programs to improve the performance of the water system of
the old lands in the Nile Delta. These programs include the
Irrigation Improvement Project (IIP) and recently the Inte-
grated Irrigation Improvement and Management Project
(IIIMP). The first phase of IIP started in 1986 with some stud-
ies in seven command areas with a total area of about 100,000
feddans in the Nile Valley and Delta. Then, it was imple-
mented during the period between 1989 and 1993, Nour
El-Din [2]. The second stage of IIP started in 1997 to improve
the existing irrigation systems in 248,000 feddans of land in the
northern part of the Nile Delta in Beheira and Kafr El Sheikh
Governorates.
Smith [3] found that the success of IIP depends on a cost
recovery program that will promote sustainability. It also
depends on proper adaptation and functioning of the changes
introduced for operation of the main delivery system, and par-
ticipation of farmers in operation and maintenance of the mes-
qas in every command area.
Saleh et al. [4] evaluated the used mathematical model in
IIP (Hydro IIP) in order to evaluate the expected maximum
and minimum water levels. Single canal through IIP is selected
and subdivided into nodes and reaches with its sub-branches.
The mathematical model shows a good agreement with the
existing situation in the nature.
El Agha [5] evaluated the Irrigation Improvement Project
(IIP) using mathematical model Rapid Appraisal Process
(RAP) of the two command areas Dakalt and El-Kahwagy.
From the study it was noticed that the performance indicators
for improvements were improved after applying IIP.
Moghazy [6] studied the side slope collapsing along Meet
Yazied Canal and its hydraulic problems. He presented differ-
ent solutions for side slope and canal embankments protection
works to ensure safe side slopes and canal embankments
according to the nature of the soil.
Darwesh [7] studied the irrigation and drainage networks in
Kafr El-Shiekh governorate. He presented alternative solu-
tions to improve the efficiency of water management and also
presented actual alternatives to overcome all the problems that
reduce the efficiency of irrigation and drainage networks and
water structures.Fig. 1 Water levels according to dif2. Description of hydraulic model
ISIS is a full hydrodynamic simulator for modeling flows and
levels in open channels. It incorporates both steady and
unsteady flow solvers and has the ability to model a wide range
of hydraulic structures including all common types of bridges,
sluices, culverts, pumps and weirs. Also, ISIS provides full
interactive views of the model data and results using plan
views, long sections, and time series plots. Results can also
be reported in text and tabular formats.
3. Model verification
Certain locations along Meet Yazied Canal between km 34.700
and km 50.100 were selected to check verification of the model.
Different Manning coefficients were assumed (1/n= 25, 30,
40) at different sections along the selected reach, as shown in
Fig. 1. The obtained water levels from the program were com-
pared with the measured water levels at the same canal sec-
tions. It can be noticed that the measured water levels were
very close to the calculated water levels at 1/n= 40. Therefore,
this value of Manning coefficient is selected in the numerical
analysis models.
4. Description of Meet Yazied command area
Meet Yazied Canal is the main source of water to Kafr EL-
Sheikh governorate. The canal length is about 63.00 km and
extends toward North and North – Western direction in two
governorates Kafr EL-Shiekh and AL-Gharbia, as shown in
Fig. 2.
Meet Yazied Canal served approximately 197,000 feddans
(about 63,000 feddans in AL-Gharbia governorate and about
134,000 feddans in Kafr EL-Shiekh governorate). It is an
earthen canal. Water along Meet Yazied Canal is controlled
by a head regulator and four cross regulators. The canal lon-
gitudinal slope changes from 7 cm/km at its first reach to
8 cm/km at the last 7 km. The bed width is also varied from
26 m at its head regulator to 7 m bed width at its tail escape.ferent Manning coefficient ratios.
Fig. 2 Map of Meet Yazied command area.
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Meet Yazied Canal between El-Wasat cross regulator and El-
Masharqa cross regulator has beenmodeled under the rotations
flow. The first rotation served an area about 56,585 feddans. Thesecond rotation served an area of 48,745 feddans. The first rota-
tion has been selected to test the existing water problem inMeet
Yazied Canal. The area at the end of the canal suffering from
water shortage and the water depths become less than 1mwhich
is not sufficient to cover the intake of the branch canals (Fig. 3).
Fig. 3 Variation of water surface profile along Meet Yazied Canal, case of double rotations.
Fig. 4 Storage abstraction patterns, MWRI [8].
Fig. 5 Variation of water level values along Meet Yazied Canal, case 16.7% (maximum water level).
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Using ISIS program, four different abstraction patterns were
selected in order to study the effect of abstraction pattern
changing on water surface profile along Meet Yazied Canal.
According to WMRI [8], throughout data collection and anal-
ysis, the selected abstractions patterns are 16.7%, 25%, 33.3%
and 40% storage respectively, as shown in Fig. 4.
6.1. First approach: (storage case 16.7%)
6.1.1. Water level along Meet Yazied Canal
In this case, the maximum abstraction was 140% from the
average abstraction and extends for seven hours. So, theFig. 6 Variation of water level values along Meet Y
Fig. 7 Variation of velocity values aloworking time is 21 h daily. The average summer constant
inflow to Meet Yazied main canal is taken as 29.05 m3/s, based
on existing water inflow to area about 85,330 feddans (water
duty equal 35 m3/fed/day). Figs. 5 and 6 show the variation
of water level values along Meet Yazied Canal of maximum
and minimum water levels.6.1.2. Velocities along Meet Yazied Canal
The velocity values along the canal ranged from 0.54 m/s
to 0.32 m/s which are accepted and within allowable
limits. However, slow velocities are noticed at the second
reach (about 0.15 m/s) which may cause sedimentation.
Fig. 7 shows the variation of velocity values along Meet
Yazied Canal.azied Canal, case 16.7% (minimum water level).
ng Meet Yazied Canal, case 16.7%.
1198 H.M. Moghazy et al.6.1.3. Froude number along Meet Yazied Canal
Froude number value is ranged between 0.085 and 0.104,
which is considered very low. This indicates that the flow is
subcritical which happens due to continues canal maintenance
and dregging.
6.2. Second approach: (storage case 25%)
6.2.1. Water level along Meet Yazied Canal
In this case, the maximum abstraction was 175% from the
average abstraction and extends for six hours. The working
time is 19 h daily. From the run results, the minimum and
maximum water levels are presented at different times. It can
be noticed from these figures that at the same time the water
level is changed from section to another, although the inflowFig. 8 Variation of water level values along Meet
Fig. 9 Variation of water level values along Meetvalue doesn’t change and whenever the time changed the val-
ues of water level at the same locations are changed. Figs. 8
and 9 show the variation of water level values along Meet
Yazied Canal of maximum and minimum water levels.
6.2.2. Velocities along Meet Yazied Canal
The velocity values along the canal ranged from 0.55 m/s to
0.35 m/s which are accepted and within allowable limits. How-
ever, slow velocities are noticed at the second reach (about
0.17 m/s) which may cause sedimentation. Fig. 10 shows the
variation of velocity values along Meet Yazied Canal.
6.2.3. Froude number along Meet Yazied Canal
Froude number value is ranged between 0.085 and 0.104,
which is considered very low. This indicates that the flow isYazied Canal, case 25% (maximum water level).
Yazied Canal, case 25% (minimum water level).
Water management of Meet Yazied Canal 1199subcritical which happens due to continues canal maintenance
and dregging.
6.3. Third approach: (storage case 33.3%)
6.3.1. Water level along Meet Yazied Canal
In this case, the maximum abstraction was 200% from the
average abstraction and extends for six hours. The working
time is 17 h daily. From the run results, the minimum and
maximum water levels are presented at different times. It can
be noticed from these figures that at the same time the water
level is different from section to another, although the inflow
value doesn’t change and whenever the time changed the
values of water level at the same location are changed.Fig. 10 Variation of velocity values al
Fig. 11 Variation of water level values along Meet YFigs. 11 and 12 show the variation of water level values along
Meet Yazied Canal of maximum and minimum water levels.
6.3.2. Velocities along Meet Yazied Canal
The velocity values along the canal ranged from 0.55 m/s to
0.35 m/s which are accepted and within allowable limits.
However, slow velocities are noticed at the second reach
(about 0.16 m/s) which may cause sedimentation. Fig. 13
shows the variation of velocity values along Meet Yazied
Canal.
6.3.3. Froude number along Meet Yazied Canal
Froude number value is ranged between 0.085 and 0.104,
which is considered very low. This indicates that the flow isong Meet Yazied Canal, case 25%.
azied Canal, case 33.3% (maximum water level).
Fig. 12 Variation of water level values along Meet Yazied Canal, case 33.3% (minimum water level).
Fig. 13 Variation of velocity values along Meet Yazied Canal, case 33.3%.
1200 H.M. Moghazy et al.subcritical which happens due to continues canal maintenance
and dregging.
6.4. Fourth approach: (storage case 40%)
6.4.1. Water level along Meet Yazied Canal
In this case, the maximum abstraction was 250% from the
average abstraction and extends for six hours. The working
time is 17 h daily. From the run results, the minimum and
maximum water levels are presented at different times. It can
be noticed from these figured that at the same time the water
level changes from section to another, although the inflowvalue doesn’t change and whenever the time changed the val-
ues of water level at the same location are changed. Figs. 14
and 15 show the variation of water level values along Meet
Yazied Canal of maximum and minimum water levels.
6.4.2. Velocities along Meet Yazied Canal
The velocity values along the canal ranged from 0.55 m/s to
0.33 m/s which are accepted and within allowable limits.
However, slow velocities are noticed at the second reach
(about 0.15 m/s) which may cause sedimentation. Fig. 16
shows the variation of velocity values along Meet Yazied
Canal.
Fig. 14 Variation of water level values along Meet Yazied Canal, case 40% (maximum water level).
Fig. 15 Variation of water level values along Meet Yazied Canal, case 40% (minimum water level).
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Froude number value is ranged between 0.085 and 0.104,
which is considered very low. This indicates that the flow is
subcritical which happens due to continues canal maintenance
and dregging.6.5. Comparison between the effect of four storage cases for
different parameters
6.5.1. Water level results
The water level fluctuates along Meet Yazied Canal and its
value changes from case to case, as shown in Fig. 17.In each case the water level fluctuates and gives different
values of water level between maximum water level at abstrac-
tion case and minimum water level at storage case are
obtained. When the water level abstraction is low (as in storage
case 16.7%), the storage reaches 140% and the water level has
minimum fluctuation at the start of storage area. From the
comparisons between the cases at km 50.150 and km 63.000,
as shown in Figs. 18 and 19, the high water level increases to
reach the maximum high water in case of 40% storage, and
the canal needs to re-habitat to accommodate additional vol-
umes of water. The best recommended storage case is 25%
because it needs the less additional quantity of water to deliver
water to the end of the canal but it needs high management
Fig. 16 Variation of velocity values along Meet Yazied Canal, case 40%.
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Fig. 17 Comparison of water level values at km 35.050.
1.5
2.5
3.5
4.5
5.5
6.5
16.70 52% % 33.30 04% %
W
at
er
 L
ev
el
 (m
)
Comparison of Water Level Results km 50.150
MAX.
MINI.
L-bank
R-bank
Exisng
water level
storage case
Fig. 18 Comparison of water level values at km 50.150.
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Water management of Meet Yazied Canal 1203between farmers. The minimum water levels at the end of the
canal show the ability of the model to deliver water and over-
come the problem of water shortage.
6.5.2. Velocity results
Figs. 20–22 illustrate the comparison between velocities values
in the four cases of storage (16.7%, 25%, 33.3% and 40%) at0.0
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1204 H.M. Moghazy et al.don’t cause neither erosion nor sedimentation in all storage
cases in first reach (from km 35.050 to km 50.050). In the sec-
ond reach (from km 50.050 to km 63.000) the velocity values
start to be less than the acceptable range which lead to erosion
in canal cross section and that make a big loss of water at the
end of canal.
6.5.3. Discharge results
Figs. 23–25 show comparison between the four cases of storage
(16.7%, 25%, 33.3% and 40%) values of flow in different0.00
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
16.70 52% %
Ve
lo
ci
ty
 (m
/s
)
Comparison of Velocit
storage 
Fig. 22 Comparison of velo
24.0
24.5
25.0
25.5
26.0
26.5
27.0
27.5
28.0
28.5
29.0
29.5
30.0
30.5
31.0
31.5
32.0
16.70 52% %
Fl
ow
 (m
3 /
s)
Comparison of Flow 
storage ca
Fig. 23 Comparison of flo
14.0
15.0
16.0
17.0
18.0
19.0
20.0
21.0
22.0
23.0
24.0
16.70 52% %
Fl
ow
 (m
3 /
s)
Comparison of Flow
storage ca
Fig. 24 Comparison of flopositions, which show the inflow values. The maximum value
of flow along Meet Yazied Canal at different cases illustrates
the values of inflow, which is the less value in case 16.7%
and increases to reach the maximum value in case of 40%
which need re-habitation to accommodate additional volumes
of water in cases of maximum storage. The minimum values of
flow along Meet Yazied Canal illustrate that the values of
inflow which is the less value in case 16.7% and increases to
reach the maximum value in case of 40% which happens in
case of maximum abstraction.33.30 04% %
y Results km 63.000
MAX.
MINI.
case
city values at km 63.000.
33.30 04% %
Results km 35.050
MAX.
MINI.
se
w values at km 35.050.
33.30 04% %
 Results km 44.600
MAX.
MINI.
se
w values at km 44.600.
0.0
2.0
4.0
6.0
8.0
10.0
12.0
14.0
16.70 52% % 33.30 04% %
Fl
ow
 (m
3 /
s)
Comparison of Flow Results km 63.000
MAX.
MINI.
Storage case
Fig. 25 Comparison of flow values at km 63.250.
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Based on the research work, the following conclusions can be
introduced:
1- ISIS program is a good tool to estimate different
hydraulic characteristics in open channel under different
scenarios.
2- Good agreement is obtained between the numerical model
results andmeasuredwater levels during the researchwork.
3- Case 25% storage is considered the best case where min-
imum water levels in the whole canal are observed and
branch canal intakes are under the minimum water
levels. Meanwhile, the embankment between km
50.940 and km 63.000 needed to be raised at some loca-
tions for the case of maximum water level.
4- Velocities values increase with the increase of storage
case value at the same location and at the same time.
5- The incoming flow to Meet Yazied Canal is sufficient
and enough for cultivating the existing land with the
existing crop pattern, if a good management of water
has been applied.
6- As the water discharge to Meet Yazied Canal is fixed
and as the potable water requirement is increased due
to population increase, the area cultivated by rice must
be re-managed.
7- There is a need to rehabilitate some locations in Meet
Yazied Canal which were oversized due to excess dredg-
ing processes that cause widening of canal cross sections
which increase the water top width.
8- In case of applying the storage cases more than case 25%,
re-habitation of the canal must be done and embank-
ments should be raised in some places in order to be able
to accommodate more quantities of water in the canal.References
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